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SOUTICN FT TRYROLUCTION Aad SOVIET OF THN CITORATURE 


The iepediate ebjeative of this experiment is to study 
the transfer of sodium lems acres the herve oe11 memorane 
during the comauetion proeeess with the view of sorreiating 
t5ie wagnitude of transfer ae a function of the lenie or 
atffasien potential end as a Gosponent i the production 
ef the aetien potecatiel, utiliging madiouctive traser 
Ceo d quese 

Mae year 1766 witneased the flirat recorded experiment 
in reletion to the phyaies of the nerve cenduction PPOCERS » 
imigi vusivani, a young profeasor of anatomy ab the Univer-= 
alty of Molegna, deronastrated the now clasels cxperiment 
of producing an oxeltatory response ina frog's leg when 
toushed vy twa dissinilar metals. At the time, and ag #9 
often tie ceae in the annele of sclenee, the Cisseverer had 
a eisvonveption es to the reasen for the phenceenon he was 
oheerving. pahent Gbballintied the effaet to “animal elec~ 
trieity. another :ztalian, Alessandra Valta took teoaue 
with Galvand'a conelveion and in 1860 showed )het the es~ 
sentisl pheaveewrs wes not tissue aapendent bat a SMunetion 
of te diseatircilarity oF the twe setals contermned. ta the 
advent of the veltaia eell, sleesiosa. paraica arrived at 
one of ite brightest and mest preductive erae. imal tan« 
eoquely, the stege was sat for the inveatigetion of one of 
the mont challenging problems in the combined fields of 
piryyeies and wiolesy or biephysies as we ckaow it today. 
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In the teetimony of this chaliengze we mete as we review 
the aris Literature of expurieentation in thia Mield of 
nerve Gonduttion, the senrearance of nensse ef oon who were 
oomelderca ploneers in the @isseleal phyeice. «8 & plone 
feiat, Nemhbelts ts well anoen fer nie vaste wor! on potene 
tiel theory. Wowever, in bia application of payateal pring 
@igise to the probles af nerve fusction, ne lultifeated the 
firet of a series of etedies to deterstze toe velocity with 
“bien a nerve Lepules wes propagated as well os the sileet- 
Plesai effeets aecompanygiay Lt. Gorn be Seber «end \ ere 
wenn made eatemgive angistien! Lavestigations of tre flew 
of eleetric current in eonduetors of oyilindrieal form in 
an attempt te oetter uwidersland tue Pls Ge ergs of verve 
encitsticgn and mene’ ‘@ nete thet no tooner were 
Glaselee] piiysicel eontepts eccepied as walid, they vere 
wowlied ic exporimente! work im an effert to produse a 
satistactory emplanation to the werve eonduetion problem. 
for example, the year 1327 witnessed tha development of 
mee jaw ead nithie «a period of months expert e@tetia wns 
Seing scerried out in en effort toe see if the law were ap~- 
oifeactle to iopules tranamicsion in nerve tineue sectlane 

Tre yeer 164) witneseed the demenstrattio. by ou Suia- 
weyeend of tie flow of a surrent of injury, if & herve 
section, in the direction from as Bola jured to en injured 
poilmt. Uhie experiment pleced future iogiiry om @ yguenti« 
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electrolysis affected rerearch in elestrochemiatry after 
they were stated ang accepted. come tun years later H. 

Yon Hemhelts published a general theory of blomleetria eup- 
rents in which he showed that eesasuravemts of potential 
difference between two peinta om tne surface of & nerve 
geetion wil: net bs sufficient to detearmioe the lcestion 
er the nature of the electrowotive forses that maintain 
the flow of the tnjury or domareaticn = .,7 proper 
definition of thie forse had to de obtained Dy other than 

& surface potemtisal ssaguresent. Nerholtz reeagnirced the 
nerve condustion problem to be a difficult one where tae ap- 
proach would have to be multiple, with ample use ef all av- 
allable toole of mathbenatics, phyreiesa and chemistry. 

Peier to further discussion and for purpeses of ore 
lentation we refer to «ppendix a of .eetion VYli.Diagram Do. 
4 ia that of tne iongitudinal seotion of an Leolated nerve 
fiore. net is ordinarily referred to as a nerve is aet- 
wally a barge number of these fiores. The fibres are of 
two general types, the medulleted end the »on<-secullated dea- 
peading om whether or not they possess a eyeiin sheath. The 
Panetional pertion of the fibre is the axis cylinder whieh 
ia protoplasmic in nature, a colloidal syatem por*esaing 
orgacie atti Lnorganic eleetrolytic cormonents, with water 
as the dispersing vies The myelin sBeath ie in ter 
covered Dy a thin cormective tissue ewedrene s@lied tlw 


nearolewea. The flbree are crmenized into groupe of fendle, 
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whieh are covered sy w« OQheath of oc neetive tiasue salled 
the porineuriue. Theae Oundles are located in a matrix of 
Conceetive tiasue whieh is reforred to af Che atta 
saporimentation in the pest Bes prined4pally wrilised nerve 
sections suoh aa the freq sefatic whieh wlli contain on 
the cverage several thousand of these nervy fluores with a 
fibre diameter ranging from O.0C.) mm. to 9.02 ata" a 
reoont yeara edequnte micro dissestion technique «aa pere 
mitted the ume of tne sisgie worve fibre such of the clant 
axon of the aquid. 

in @ generaliy secopted eenge, the fumetion of the 
nerre ia twofold. it generates a tranatent cisatursance af 
the point of stiewmlation and propagates this disturcance 
along ite entire leagth to 6 recevtor organ. .<hnoether enei- 
tation takes pleee y artifieial means or by the .etural 
proseaa, the reuroen aiways reseonda in oxmotly the sere 
way, lee, ty Conduction of a tiegle impules cr a series 
of impuisea.e. This impulae ia invariably escompasied by an 
ettion potential, wrienh we will prenentiy defire, and the 
only rellable method for the detection of the rretence of 
this tiapales is Dy meane of a record of the action poten- 
tiale ag ee shall presently-note, studies of the serve 
Smpulise huve, for the moet pert, been mude on excised nerves 
Ciliewulatede by weana of an electric ewrrest. setveliy other 
stievlation agents bave Cowm utilized ir the past, namely 
yrea@ure, lignt of « high Latemaity and specific wa velenethb 













Geese Oe) de deme eek? weed wiped 04d to vee 
<< e o~ : Saat ‘ 
wed Wh eid dealt td poeedé Mh uied Wire We 
ao wammeaivets tiadéndns 4 Gshiinda 02 hseuned O 
bee willed! images ended 2°60 depeet wiley We 
domunded ale qd wo tees fot Peed y eieue 
oxee Ad? <ietes OS Bkcdaly Pyeeds oeeet wt 
wm ited + be otis Ale oe ee 
ae of bildcmmebes cilaleiral af vding shot ; 
eet dim pantnat \enmnang Etim ow thase (Lap eieiie wiles 
Ye clotcher cut To sedvendae ety oot Paulvew «ftehely Glew 7 
wish obred ate te eset 2 tn ame Ge Ud edie Che 
wehes pal 16 rete nauk yl teeny teed oe ae ane j 
eoeri Wbabats me Ae ened [deg fiw etl be) eee OOD 
vata \IT aes, ,@eeame urvlents te te Gee) Of bed Adoiien 
eiaend pend wth as pwaklide deed ovis often teal sulseeee 
eta newer Stiberes tue Wlaerial oO) bo deal) (ibeley 





Ce 













& 

aed chemical we The ecoudvetiom poeocesa ta nerve 
obeys the “all or Sasa ae", in that tee quantity ea® in« 
teasity amd guration of the etimuleatineg agent east sect 
epecified reqairemeuts Sefore t-e oerve will initiate and 
eoréguct an depulee. Some aucthers will vefer to thie es the 
“tae of Epeeific Wergies", aitheugh this letter term is 
weuaily iaterpreted «8 te refer to the quality of the stinme 
wlus rather than the quentity. in the cage of eleetrical 
stiomlation, the woitess across the electrodes mast of aeee 
eeeity be of a certain saciour value and it mest change with 
& oertain frequency such that the stimulating scurrent will 
aleo change with reepeet to time in order that the nergy 
stimulation threshold Do reached. "The snergy expended in 
propagation 1s released 211 along the nerve and ia not 
Gerived from tho atimulus. As in tiw case of muscle, a 
refractory period eazists for the nerve. The period ts sub- 
Givided into em abdaciute portion, dwring whieh a stimulate 
ing agent no matter noa strong or specifie will fahli to 
Lmitiate a response in tne nerve tissue, and a relative 
portion in which a more speeific tian pormel Atiogius is Pre- 
@iired to initiate the conduction a she aheolute 
value for the refractory period for the eciatic narve of 
the frog is, for oxmmplo, 0.OR see. 

The impedence olemente of nerve sre SiW-directiomal in 
that an impulss in an excleed nerve gestion trmeveis in both 
Girections from the point of stimuletion althkoad normally 
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in toe inaitu cease the lmpuice if unidirestional @ue te 
the coneral eynayptic arrangement whien nature bas provided. 

fone five yearn later, tn 1844, Debotn-iWaymond stated 
thet exettation in nerve wae «a fusction of Une time rate 
of cheage of the current density. dees that tige, that 
relationship hee been vwrified for aimast every eoom irri« 
table tisgeue exasined. = 

Reymone failed to aerry Nis experimentation on to aa 
further etmificanes principsliy due to the laow of sensei- 
tive recerding inatmweenta. Adrian stated the problem of 
the period quite well when he said, “The history of sive 
tro-phyaiciogy has bees Geeited by the Mintery of sleetrie 
recording Lest rerente’. 7 The period of the latter pert 
of tee aineteenth century wae therefore one of great teeh- 
ofeal difficulties. Tho surrenta sesevetated with the con~ 
dwetion process were oxtremely wmalil encd during the cuurse 
ef setivity, would fluctuate very rapidly. The early re 
seercs ceponded to a crest extent on the airrer gal feeo- 
e@ter whleb will shew e cur ent chings vat the inertia fee~ 
ter tevetBer with tne fallivility of tue husen fucement 
introgueed errors of soneigerenlia semmitude. «2 4% renult, 
tntireet evidence ene resorted to, eoLen rewelted In Bitianr 
ceemiroversies in the quection «Ff the creper interes re ation. 

“he firat attempt te obtain a resura of the anc ‘mele 
<Oclom potemtial wae made by a Oormemn orgelelectet, 6. “are 
oem, in the ywar 2691. “iidifeing a groeep of sey ii lery 
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eleetroesters with a teasted seserver on eae tre t rment 
and afte® a larce nueter ef trisis, the Gatn ese reaen- 
elec. Tiw potential dremt Geteeen tro electrede® vere 
eermmuted and the eurve eae draen. ‘crente de fo shows © we 
treoirs of tee sonuphasia epike of tne action polential, 
which were preauced oy lermana, in bia soexefeller manta 
While they were, no doubt, srwelally selected, this writer 
wes Oeorly impreared with the resulting acouraay whos we 
eotelids: the teetmical prodicns «high were involved. we 
Gervarnd trested the nerve ss um lacrt care comiuetor «nd 
prvposed a theory te aecsount fer the existerea of the #lee- 
trametiva foren ane created Sy the injury Lteelfe 

im the year 1964, a Bppetheets was pat forta «7 de 
Sermatein to explain the exietenece of this sleet rometive 
fores. epoarently ermetein was dearly iepressed eith the 
electrolytic Llevwogtatian theory as advanced by i vunte 
érrbemius in i toskiels saee Clfteen years Wefore. «evn ) eta 
remearded the serve m@eGrane 65 naving the creperty of be-~ 
Leetive pemeeability, aliowiug certain tone in and rejeete- 
ing othera. {t should © anwreelated thet ft guppected 
that these tows would wary fn alee and that w wed, of 
comrne, ao means of Getermining tren sise uf the Lama eone- 
errned, Severtimiess, amed with toe knowlegey of same uk 
letere! iafemettion tometiher eith the pienure ace sich: eae 
o served, be prestoeden te éebell 6s theory wich wrald exe 
plein qealitetivsiy the origia and mature of the 0 wervad 
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eaf. Be semaiderrd the nerve sembrane az nemeranto te the 
Toteaasta® Lom out lerereeadle te the codivm e@ation and sane» 
fons in @enersi, with tha differeced in the "eotanetue gone 
contretions in the iatearstitial Pinid and tha laterior of 
the nerve, reeworsible fer tne resting eewbraune potential 
As aw result of this celeetive persesbility, the "otesaiwe: 
toms will form a layer of positive charges on tue border 
of the sell mexabrane end Just >Seyond. “he anions ehi¢h 
are present in the axonisem will form a similar leyer fuat 
within the semborare, the aet result being « dowhle layer, 
seperated by a meebrene and thus exhtioiting « dLfferanes 
ie potential. "has bo cegarde the cko~mlasm oe negative 
and tre interstitial tiswwe fiuid as pesitive. ‘Serestein 
time aacquntin for the aurrent of injury being Imitiated 
as & roault of the loeal damege or runture of the cem- 
brase. The patentisal ALfference preexiste aad m meme 
trees rupturs « current flows in the ogter eirenit from 
tee tmteet aurface an « positive mole to the indwred area 
a8 4 negative alas tamagtant theery bea cfter teen 
regarded an correct i5 eseenes en @ Gefinition of tie 
wesiing serdrane ocvtentiai with a wide vefereneg sade to 
it im the literetuce. Today 1t le “seen nere sneed fie~ 
ally ac the Sewmbrane Theory. "iie the theory deet® rogee 
ese Liv itetions whier wil! be dieewmsed letur in thin sent~ 
tion, «oe recent experivents bave advanced rather gat lien 
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Je -Muedonala in 1¥0G cunduetel eleaifieant experl- 
wets with the injury poleitial of eedullated ceeve. He 
found that by inecreasise or decreasing thea concentration 
ef rotassiam ix the bathing solution there ws a Girset 
effeet on the sagnitude of the aetion vetential observed. 
Re noted w Llomeritimsiec relatiun beteasen the concentration 
of the Potassluse fons -utsige the nerve ant the soncen~ 
tration inside the verve. hia cartribation was rade 
about tho same tine thet Gernetein formated lie hopeth- 
@eis; neverthelesa the literatura atteeta that Paedonald 
was the first to ate’e that tne relative Fotasslum con- 
eentrations in the axis oylinder ard the tissue fivaid 
were responsible for the iniury noua at the time 
ef pudliealion of thw report af sacdowmald's werk, be wae 
eriticized for Caiiuee to maintain hie Beth solutions iso@ 
tonie with tmmt of tigeus fiaid as +e varied the “otess ium 
coneentretiong. Then toc, he did not make avy allowance 
for the osmotic preasure sffect mor were any references 
wede to the condition of hls nerves, uren eommietion of 
Wis rane. Por that fallure of mifission,the Pludines 
eere taken eveewhmt :.igotiy «tf the time at ft. the years 
t® come Cis work etood tre test of Gunliested Leartry to 
the exsent thet tiv reeaits «cs considered valid. 

is the yeor 1008, ‘ernmat in a oon too deteties treute- 
oe : | Pee thet the serve Fibre and the exterret 


field represented ea system in euilibrivue. e sootalated 
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thet the sembrans potertial wae a nhase boundary ootential 
ainilar €® the >eundery potential which enomars at the youn 
Gary cetween two leetiaeibie solvents when on eleetrolyte eo- 
bution Maving differest activity aeeffielents distributes 
igself Detween the two Solvents. Beret cerried nig ‘dene 
further w the basis of 4ynemtenl sensiderstions ard devel 
oped hin well ‘nern equation for toe diffasion petentini 


= Beg a 
shore u rerreeente the eation @enLlility and via the anios 
weoLlivy. ternsbein asruming that the antane were Laeobdibe, 
Ret v omual to ters and ‘ised *ernsts eqeacion oe en exprees< 
iow for the eee>ranea potential whieh will ssw appease as, 


Ez - Lote = 
proper suostitution in the foregoieg equation with the 
valine of @ of G.114 Joules ver mole per degres, with en F 
valne of 36,500 ecoulomta por Faraday of electricity end 
suitable conversion to the Baga ten log eenle, the foligwing 
simple expreasion results, at 18° Centierade, 

Zs 58 lotag Cy mv 

oe 


nee consider the wrehaniae propored fer te seetian 
of tute poteetial turiue the exotuetion preseas. snomider 
a finite lencth ef a Gicgle weerve ficre, "Wr estrewe right 
wed ia reference peiat 9 ead Ube micwotalh of the fiare is 
petct A. “oe plece two sieciredest «at the¢e OGtote #10N aime 
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filer designation. fhe pelvt @ end ite then tnjJured by erush- 
ing. « @enaitive voltmeter is placed between elestrodes and 
tne resulting reading #111 indleate point A as positive to 
point m «hia potentiul Gifference {a treat indicated by the 
foregoing mesorace theory coneiderationa. <‘ousider now two 
stimaleting elea-rodes pleaed to the extreme left ead of the 
werve ¢estion. pom »tisulation, a chante in permasdbiiity 
oseurs beneath the electrodes and due to the potemtial dif- 
ferences Detwean the outer and ifaaer senbranes, «en axotion 
eurrent taxOs Slseo in of inward or corewar’ Girection. The 
impulse then travels $o the right along the nerve. Upon 
reaching the recording elee: rode at «, the two rolnte A and 
B are then laopetential. As the lepulse trevelea further on, 
ihe wpoembrans beneath the electroges at point 4 regain their 
Mesuliation fusstion of ruooleriae and polnt . Getames posi- 
tive te # wees ugein.e -» veeord of this transient vardetion 
of potential as tiw impulse travels over toe nerve is calied 
the action potential end im this partiouler cere it is tden~ 
tified as ea senophmai» “a 

SLellerly, we map coaticer a nervs eection wiiieh is 
not crcushed bul two eive.rodes cra spaced en eeus' distare 
part Srom the eidroint of tre leneth of the fisre. "om 
eft te right as we Observe te nerve we Loantify them as 
eieotrodes «2 and BB «at tie extreme left emd of toe nerve 
(eeation we plees « nalir of etiwmuletine sleet redes amd geome 


mance stiuwlation. The mem@rane cenesath the #etiwaleting 
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ebegtirodes jepolerises as efore and enen the feraise vesor- 
eB tue viebuity of electrodes 4, the elessmole 4 Wiil oo 
MEGUtive with respest to nha & Electrade, Ae the Lepuine 
Peseet and the wePorane GwMHath 4 Gomez back to ite relar-~ 
iged atate, a then reeumes ite isopetencial reletiowshir 
with respect to 5. Ghee the tepulee resches the point «, 
the invesee portion of the wave in ekweated. In o pelential 
vereue tice plot, thie traseient eorcdition weuld cepretont 
iteeif an invereien of a sine Wave. “hie type of veeord ite 
Ofiled a Giphecte active petentiel. 

in view of the foregoing sxplanetion it would seer 
thet the setion peventiai oguld not Ge larger thar the eag- 
mipuce of the Pweting Poledtial. Tis wee the opis tom of 
toe “eeevrane potential =~ for meny years and wae in 
Tmet eovepted urtii Led. 

at Ghde poled we wil. teiroduce & ceSiweneet of thw 
Gefinitiou, action pwee tial. it lan been ohewrved ST exe 
perteat thal the action polential waa cOmpored of ta veral 
Seepoment parte and cot iielted to ome smooth vwertatton, 
Wut including Get only the evwnot diesusted above YRi £180 
peeltive and smgative after poteotiale. The ‘ofmrlie; Seve 
te Wales sernstein ot 4] preferred ie sow Geeigested tu tre 
Literat@re so the Gpise seleitisi.s Yhe adore eencpmert« and 
Gismeic varietlons ere a | > Gelled the eeceumelo ead 
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1é 
effort to account for the remorane potential. The model 
consisted of aqueous solutions separated by a layer of im- 
miscible noel. has taken the licensee to extra- 
polate this chenomenon to living systema. In ome of hia 
earlier models which may be deneribed as 0.1 N XO! /Galieyl- 
i@ aldehyde and salicylic aeid/O.000S MH KCL, he wae able to 
report a membrane potential of 100 mv., with a positive 
charge existing on the membrane side of the Lower concen- 
tration. &y variation of the concentration of the solution 
on the left, the negativity increased. In similer experi- 
ments he utilized mono and divalent anions but retained the 
game Gation ha., with the same result. Beutners logic in 
reasoning the nature of the forees operating or the faetors 
involved are somewhat confusing. He tends te dselieve the 
charge distribution is a function of the partition of the 
ions in the respective solvents with the idea of a concen- 
tration cell in mind. However, he repeatedly adheres to 
the idea that the organisa film or pseudo membrane in reas~ 
ponsible for the ewf of this and living systems. To quote 
from lerente de so, "Beutner’s coneept of the nerve menbrane 
is diffieult te niet. Since 1912 and up to the present 
time, Heutner in collavoration with T. Cumeliffe Barnes hag 
repeated hia model experiment with numerous varlations for 
the organic interfuce and with verilations in solvent salt 
eonoentrations with interesting results for membrane votent- 


(25,24,25,26) 
jails. In a more recent experiment, Bentner and 
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fernae have found that acetyleholine, a phyatelorically 
importeng orgarie oumpounc has a marked effect om the pe- 
tential a1fference ef an o11 ealing interface. ~ Thin work 
is significant in light ef further eonsideration of the 
function of getabelies an the mainteinanee of the reating 
potential. 

in the perioé juct prior to the firat ‘erld War, the 
application of waouws tube amplification te nerve conduct~ 
iom and potential etudy was eade by Dr. teith Lucas of fringe 
ity Collega, oxford. By weame of this advanes, Amberson 
and Lowrning sade the first report om the eomponentsa of the 
action potential having noted the pumitive after potential 
in a monophasic a 

She years timt followed the war saw the arpliestion 
By otlenger and Glasser of the cathode ray opelliloseope te 
experimental study. In thelr work the results of Anberson 
end Downing were verifled, and in many respeeta amplified. 
Shey eouducted a therough avudy of tha apixe components 
due to the class of fibres partielpating in the eondustion 
as observed in a eransient! cove —eee & later 
experinent «. Aiglas et 41 worked gut the prelisinery corre- 
lation betwee: Flore size acd votentiaia ebeerved. At & 
later Gute, this wor waa sonsolidated by Guxser snd 
Grundfest wherein they showeG & higher potential value and 
@ higher sonduetion velocity in proportion to the amon ci-= 
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in tier mic twenties, ©. life and Bis latroduetion 
ef the passive iron wire cotel us « parellel te the cone 
Guetion procwen eva Mieheelie with his work on the aci- 
Leldin membrane added weight te tre seebrane ae... oo 
The eembrane used by Dr. sleteelia waa a surtially dried 
Colicidin nem@rane whien exnibiteds a narxed seleatiwvity 
to lone, aliowing the cutiona or sniens tarough reepeetiv 
ely depending whether or not the pores of the senbrane 
wera negatively or pesltively cneargeade if one may reverd 
the perve eendréxe $0 posrzena negatively eharged pore, we 
have a ayetem zoetuiated By the sernatein teeory. 

in the early thirties, expsrieental effort oroeesedeé 
along tne Linea af two safer subdiviatens, asmely that of 
the shyeteal and thet of the shemion! agsnpeeta of the prov- 
leme OCignifleast studies, which assert that a setuboiie 
and eseeioal process operates in sone phase of the cont 


(o&, 96) 
tion plenamenw, wees eace by ae Ve Ohl wad A. *. Gerard 


The position ef eetabo tam fangtion wae etrengthened by 
reperts of inereasing oxygen eortunmption vy nerve tering 
activity aed the effert ¢f wetabelia inlikviterea oe tia 
restieg evientlal aa reported wy pease A@ G&G, LH. 
Sactwaunsa: firet iutroduced the idea of toe ase oalation 
of agetyianelios with toe eundottion process. 16 sok 
eignificantiy oaorrelated enenieca. esergy eQuivalents te 
aecount for the serreecanding eleetrios. energ af Lin 


egtiown potertiael awd Lotreduesd tia ties factor cuoimider~ 
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| (28) , 
ation for the first time. The attention te the chemical 
aspects of the problem inerwesed when IT. ¢. ernest in o 
mors reeent report of his werk un oc@anie inierfece model 
(59) 

"eoccoedti comelu@ion it woule aeppesr that the 

vasia of nervous energy resides in the phase 

boundery electrical potential generated by 

compounds in the nervow sjetem coriaining 

tetracovalemt nitroge:. of which the outetand- 

fag exemple is scetychelines.” 
Still wore recent work, of only a few short seeks ago, of 

(40 ) 

Byring 6c coh-son, utetes thet the saourse cf energy for 
the potential difference of the revting state of the mem- 
brene is due to the metedolic procustion of acids from aon=- 
electrolytes much as £lucese. <sring 4tates a belief that: 

“The aifferential rate of essavne of B-ions and 

organic anions through tho semipermes ble membrane 

maintainn the potential....Upon stimmiletion, in- 

ereage in pormeabliity permits freer diffusion 

ead « reduction in the polential difference which, 

in nerves, is then quiekly restored by the repid 

oree@uction of asetic aeid from acwtyleholine 

through csoline esterase wotivity. 
Onfertumately the abstract states wo @ore than a theory 
weich has often cees to Sind of e good sany worsersa in the 
field during the pest ten years. it represents «# Jdabir- 
able reconeLliation of two divergent points of view out 
the mor curious of ws vould lite to see the experivental 
Gata and proof. 

In the @eix Feer pericd prior to tite seeond ‘orld War, 


3% co tizueus stutiy was mece on the electric: i characteris~ 
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17 
ties of the nerve matbrase., The toras eambrane resist- 
anes, con@uetance and impedeace began to mabe their ap- 
pearance in the literature. Curtis and at 
successful measurements cof the impedence ef beth «itella 
amd the giant equid exon meabrene utilising the selenoed 
As Ge Aheatatene bridge with leede to the vertical de- 
fleetion Glate terminals of wf oscsillotecope. By wwans of 
@nthuwatioanl, manipul tives, tae meaty OTT te is exp res<ed as 
a fanction of the orides an ne, 

&t this tiwe extensive theoretical conaiderstion was 
Given to ceserlbing tie varloue aspects of the stioul«tion 
problex taking depurture from the fact that the potentials 
were asnvumed and expressing the rheobase, and stimulation 
threshold as funetieons of voltage, charge demeity and 
time. Much of thia work hed to be revised in light. of deve 
@loperntea in 1940. 

in L340, Lemaeth Cole and .3. Curtis perfecied a toe¢h- 
mi jue for using micro eleetrocdes for inaertion into the 
axoplasw of the slant equid axon. dy measurseent of the #e- 
tion potential utillsing two electrodes, cue extenma. end 
eme internal if was soted timt tit transient weve sus as 
shown on -lagram ea-G. [4 #as noted that toe outer surface 
eleetrode net omly eent to sero owrentiel with rearvet 
te the toner vcicutvede but also awang strongly wean’ 
Yhie actually represents 4 complete reyersel in phage 


and ie net predictsa by the cupmeitative aepwet of tie 
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wenhpare theory. Pace segnituede of toe ection fe tial 
wed 26 Brent ea 100 nv. while tm Infory or Nerorere go- 
tential was rarely greater txan &> wv. Tiyie polets up an 
the aotion estential sould never ce lsager then ihe mem 
brona petestial., Ghia werk of Curtia and Colo was dupli- 
ented ot she same time end in@ependentiy in Ougleed oy 
slan Sctekivng ant a.?. Manley wlth oorllreatery creaul se 

Tho euporimentsi reaults definitely demanded a ravis- 
tom of the eumbrane tlesory to segount for this onerrwalie 
avyersncot or phase reveranl. In 1841, Cole diseunted the 
poaaibality of an ipd@eerive elerent in the serve sererace 
twit a reaepe albie fer the overshoot sa fur exneepis in tre 
Goaventional esefLiletory eiresit, onsimg the ealetemee of 
a pemhrasce preper.y as a Peraliel te the Biers sleetrtie 
er: @tal penstddine’ "Whitin Gee wus net greseed too deaply 
tt eee rether well thewgnt out fy cwolae. 

Veday the prosliem of seaecerting Tor tue waeqgnitude of 
the actiok pe.enttel «till remains 4 ebelienges  “Swevrer, 
Nodekias anc \ate feel the reverse] of tie eemhrene pee 
temtinl @urtiog the setios petential car S ex vletoed on 
the beele -f a shenar io the caleetive erope ties oF et 
cemvrene during cartels periods af the towceriiaon erecemn. 
The resticg sombenee la Cel’ to be Bere Semmntle to “o- 
teneiue than to eodiue. Mm atietiatien ¢Bers etiots « 
vpemweedliity exif eueh tiet the eemerane Secor Highiy 
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18 
permeable to the sodium ion. «s reverseé yeebreme voten~ 
tial eam arisa in « syetee of thie tyne «revising thet 
tbe esugentretion of the sofiue in the externe] gseiution 
As greater than the couoentration in the agoelaem, Wth 
this in @ind, the reg@oare) phase of thie thente win Gi-+- 
reeted. if et 21) poersible, it will be our aie fo cor- 
Felate the tranafer of the sodium ions with the mearte 
wade sf the action roientials. To @o tie we wiil apply 
of Tecre1] ead Ooldman with sodifleativaa t> Be presentiy 
——, 

Ths author sishes to express tis deer eprreetietion 
to br. “algh Y. Stacy, weder whose fireetion thie werk 
wet Gone, fer thea sesivtence aed eeidemce gives tin; or, 
Reie igden fer >le thuchtfulnces and cooperstion; end 
te Dr. ©. O. byers fer his suggwstiows aut proeureeent 
of the required isotenet of bodium free the Oak (ides 
Oetional ‘abdoratories. 
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SaOTioh Ii O07TUUIS 282 Tate] Us 
A&A pRolimineary consider tion prier to experimentation 
was that of aelecting one of two avaliable isotopes of 
fedium, ve®= produced vy ug** (4,0) aa” renetion with a 


Th of 5.0 years, ant a decay scheme; 


a8 ** —> (1.08) + B” (0.88) +o 
or na** produced vy a wa®” (4.p) Ba®* reaction with A Te 
of 15.1 hours and a deaay re a, 

afia** ——>¥( 2.708, 16990) + 87(1.08) + gue 
@nile vse of Ba”” would favilitate decay computations, the 
Geeision wae in favor of uve of ne™*. The relative higher 
energetic Seta emission was desirable from the view of the 
semaller self nbeorption sowsting leas of samples. Shen 
tes, the longer malf life of ta™” with Th of 5.0 years 
would dewmnd a more extended dispesal and de o.tamination 
teehnnique in the event of an saceviderntal epill. 

The isotope Ka”* wae made availlabio by i. Be ke 

Pool eof the f#hyaics Lepartwent of Uhio Ltate Sniversity 
by means of crelotran bomourdment, ater arrangements 
were made through Dr. ‘illiaw G. wyera of the hic State 


University for procurement of ia”* 


from the Isotopea 
Division of the Oak ‘ldge fational saboratorios. 
In view of the gemma emission of 1.75% and 1.590 Bev 


for the KaX4 isotepe, extreme care was exercised in Aliue- 
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tien tethriewes aud the decree uf shielding ammloyed. 
The game ceantese dosees rates rere caleulated on the 
besis of the relation “fas Ce where G ia the esotivity 
in millieurtes, © is the averses quantue eneter in Sev 
am *f i@ the doskfe ete in mii ili-roent gens ver hour 
at one foot dLatanee amine 

The dwarer of shielding to be wead wae calaniat od 
by the wausal exeonential relationshin. 

Is i.e “OX where I, Ig, Wand x have their 

usual gimmifiecence. for lead oni red triek, the follewe 
ine maserption eseffteients were utilised. 


(69) | (70) 
wvirgy (tev.) Pe -} ved mrick 
1008 OedL Cle ©.113 em. ** 
@.70 Osd? am. 72 0.0886 om. “4+ 


Vrwg comm] tion of exlenletead requirements aod ereetion 
of the ehiciding material, the erea avout the ehfeld was 
alvers monitereda by sears of a portable lonieetion cham- 
Der calibrated ty read in er. per bour in order tiet the 
caleulatead Gore rate may be sheeked. 

The activity of 611 vagiouctive shinwente was deter= 
mined upon receipt. In case of Cab Wades ctiveonts a 
.omtparative ohees was time vade with the aetivity weading 
or. the shipping 9112. Por the eane of the fa®* roestved 
from the chio State Univereity arclotroem, on eseay “wd to 
he satie to Sehemuine the aetivity. “he tru setivity of 
the sampie waa Getoreined by aprlicetion of the ceqwetry 


fastor ge, to the eowt rate commuted froe the total rem 
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ber of courhs und tie Japeed tine oF in @@euliarm Suz, 

“Be. of wo. = gefee fat), Al.72105 
Thie rat tion cheekwe aeeurately with Shignent date of 
the isetont Shipments. The factor gr, of GOUTee, ees de~ 
temmined for & cauetent gowmetry of tie eanay noumple 
holder by comparing the recorded activity of a etenderd 
referease source with the activity of the eourve as tty o 
termined vy our counttas equipewnt. 

"We were in cffeet provided toerefere with two mothe 
oce of & seniifg elreuit oneal. Thus Gully, prier to 
Counting, the sute scaler was chegbed R®eaines line vele 
tage aud seoundly, the geigvur tude asd sealer were 
checked for « constant (Ometry fuctor., This feeter 
fortunately regained ceastant all during the experiean- 
tal work, 

The ervengemest of LBe apperimente) equipment son as 
shown in th Selmmetiog and Ahotographs of the appendix. 
The stieuletion tsclation unit a8 ingartoed veleren the 
etémmlater anc the ehiwulating eleetrodes ts reduce tow 
stimulus artifect to « einieu ao the anere aeticn ar 
eplee potential sight ve aers Ci@erly seam om thw seeklie~ 
Scope. The purpowe of ihe opeillossupe in tite enpert- 
went wes purely for monitering the viability of the stim 
Mlated nerw. 

™ reveigt of the aly shigewnt of tee wa” * tree cam 
Tider the ehignent woe nee Plecet wler « Hood, To the 
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SGlid elt, 15 #1. of “ingerr Selutton wee efged. The 
alt we@ oudekip put fm ealution op eseharniecal mixing 
and the solution was then transferred te o clase bet> le 
and pleced in a pertenle lead contatver, The target to- 
hetion, se called, wae now ready fer esewy. Dineve the 
Raatser of grams of Bap Co shipped wat ruown, the saber 
of “edium tens in aoletion seuld de saeily ealauiated. 

Where the Ba”* was obtalsed by Geuteron Pemrardeent 
from the eyclotren, the proewdure wee sliiahtly wedified. 
The copper berget used for the bembe rent was accurate- 
ly welphed préor te loadiae with salt (Mae1). Uren req 
eeint of the target fror the cyslotren, the tarcet plus 
Bait eae weished. Thia wee Gone behind avrrcertete sahiele 
tne Qn@ with constant moritering teem™icove. The ameutnt 
of eait wae obtained Sy Gifferenes. The terget sad Salt 
wee then nleeed in 5 ml. of Singers solution end allowed 
ts #tand fer fifteen sinuies. 

Je the ageay of target salt ecolutfions, uwemlly O0& 
mie of aolitien se vitieiceen Oy remote piretre ann tiie 
O.9 wl. ome 4iiuted to 106 &1., me wi. Of which wes 
counted. "Re «activity ef the Initial welvwtion wes thus 
omteteed. § eufMictent emennt of verges or teitieal seit 
eolutiian was then with@rew, Dy remote pinetts sme atluted 
to provice @ worktes solution of 1060 epee. -or mw). Vewel~ 
ly 16° te 189 1. Of Perring or betting Solution Har Pre 
Taree end thared th the aepirater fertie within th Lead 
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ehielding. (Nete appendix C-1.) 

The merve atwavleiion pletfomm waa areeifieally de- 
Signed for this experteemt. Four perallel wire troughs 
were milled out in a reetangmier Bleck ef imolte 31 sm. 

xX 4 mm. % 7 ome The troughs or guldes eatended lencitud- 
inmaliy Gl mem., 0.75 om, wide, 1.4 we apart and were cut 
te a Gepth ef 2.6 wm. A mudoer stopper fitted with four 
holes to mect the millec wire guides of the lucite platfors, 
was atteched te the butt end of the lueite bloek by a 
@mall "<i" type copper flange. Sote picture Do. 5 of ape 
pendixn Ge Swuber 50 gege Flatinum wire with a reeistive- 
ity of 10 x 157° ot em. or 1.900 x 10% comms per em. 

ef lesgth at 20° 0. wae used. The wires wae enbedded in 
the guides by meann of a clear plestic ingulation coment. 
The eleetrodes were fashioned by two simple 90° berde and 
set $ om. spart prier to the setting of the cement. The 
second set of electrodes were sinilueriy spaced io the 
grides and cemented in 24 mm. from the first electrods 
eet. 4 ewall iucite plate served to epreed the plat Limeum 
wires as they exited the rudcer stopper and terminated at 
the electrics! terminala preset in the plate. This plate 
wan connected to the atopper by the usunl “*" type copper 
flange. The unit wes then giver a ctanderd ineuietion re- 
eslatance teat and the resulta were in the vielipity of 1000 
~egohea. Throughout the experiment the wilt fuet ioned 
vary eatisfectorily with the electrodes salting out on 
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just ene cecasion. This wer to 60 expected in view of 
the constituents of the Beth wealutlon. Oensementiy the 
mmicties was established of cleaning the wlertir vies ucon 
the completion ead priar te the stert ef a run. 

Tro species of frog were ued te abteis cectiansa 
of sclatie terva. Fourteen experimental mink were made 
with the leopara frog, “ana pipiens, amd twelve ruoe were 
made with the cient cull from, Rana cateeniena. 

The animale wore “eandlea in she fo) loetog ~emisr. 
The froee were sacrificed and “eth estatic rerver vere 
carefully excised asing ners) dissection teshoiques. The 
oerve was carefully aleaned eof 211 @erall blood veerala 
shile in @itu and upon excision sere placed in cola 
bleveged ‘ingers solution. Urefal handline of the tisewe 
@oection ms wen¢ator:, to evoltd any damugr to the cerwe, 

The nerwe sections wears tren erhirrarily Ssaleqreted 
Che atimulated seative and the control gseetian ent then 
pleced oo the eerve clatform. The esutrel nerve whe 
atteched by threes at the extrem tes te tie at tectwerrt 
rune Of the verve platfom. The ezperinertea) nerve seot~ 
lon wae simileris ettecbed bat reacted over tha > let dean 
eleetrodes oo the sleorrede Bide of toe cletformre. «& 
siient Gegree wf tension wee Pegeired tn Gare of the axe 
perteenta! yneorws in opter to inaAare & Apel elLentente aowe 
tact. Thie + evaton wer Spliceted far the eoerteret 


eection. 
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After PiNeing Serve sosticos on the elaavrode plat- 
fons, (We SHES fe Chen 966 ete fie nerwe chmemer et Dp 
(mypoemala w=1), The petcost St tow left cpeved, the rignt 
and lower prieee! sinerd, @liowing 9014 Sle vde. agers 
W2 ater and vise in Slew serve chusber. when the cenie« 
We vf the ingere solution severe (be entrese Af the 
Serves, tive Lem petoeee te sosurec, at thle tio whe 
Pe idive electrics] comeetiene ere pada. “be oerve ig 
stimulated st « fremuensy of 10f Yepuleen per secend Mth 
mm ispilée dérelion of 0.0 nilliewoned, “™ “Gel lleogreph 
Ly sonitemed for the setton porewtiel, after th action 
Prtential or rather tie wpike ls etewrved, the lower pet- 
coe if rpomed oad ita erve Ohenber is Grainne of \ing- 
om solution. The Gamer $e then filled with the Einge= 
OM POlution "mheLoing the pudlowetive tomeer eepanent, 
SOth Gerwe ere lewetved hs the Hthing solution foe « 
Paries of Khirty minutes prior te wttemiettar ie eréer 
Wet Surface aaworption phonwiens WE11l verdes at the noe 
wilibrtue point, 

*timmlation mane «f 16 sin, nod 4 gee. 2 wins 
eed SD oeo., col } mins WoW seeeuted, #18K Khe otiewiee 
Sion tetel ef 106,650, Gt ,GOO ant OO, 00 skeet rercee- 
tively. The Gurtion af stimu das wee 0.6 mf 2) Lees cent 
whith & POLMEELel Alf ference aarae few «tieudetion ploe- 
retes Of @ volte. The Dime af Letttey wetetls wee tee- 
iemeted t) ant the tier af toreiaetion of wtieeletion wan 
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Gesignated by tae 

teen completion of the satimuletion et 4, Seth 
26Prve geacti2es were ringed with the nom-redloecti ve 
Singere solution for five eompecutive rinses i” omer 
thet tie surface efsvurption cimaht be sirtuefeed. §fter 
fimetnag, the stiumleted and eontrel settions warr ~eme ved 
from the electrode platfors. The setezsary lengthe, ap~ 
proximately 6 ~ 1060 mm. Of nerve, were reenved from the 
extremity of Both nerve seetione aad nleced tn 1 dened 
viele conrainiog ten pereert fereelin for wpurpowee of 
oreservetion for later DBistolegies! study. “»s reetdual 
portions ef both eentro] eni stimaleted gestiows were 
seasured for length, and then pleged om preveiclerd almr- 
ies tined eovusting plasemets. The nerves were enlreliy 
Soiled in the planche! seater for pattern onifaretiy. 
The timer for determining Une count rate of the aanirel 
and the etimuiatled section sere datiguates ty end tg re- 
epectively for purposaet of recording Gata. Pou ge@wiet- 
lou of the wet count, two dropa of ® | Sttri® ©ate werw 
added to the nerve sections and thesa weve weated Liemtiys 
to a slight reelidval eth. The count rere fer Seth the aa 
perimental and cemtrol .ebeo nemplese eas them sade. To 
aame tyne of tiwe desirrator We weed. 


@ ? aco 


The Oathiog solutics containing the Creaer ™ 
was drained off et the tereimetion of etimuietien te Sten 


astayeod. Hy means of the remote eontrel nipwite Oo.) «i. 
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Of the het® solution fe drawnm eff an¢ Gileied ts 106 «2, 
(ee *). OF thiv diluted selution te eomrted. Sr proper 
ebleulations the setivity of the Bething BclutiMm te @e- 
terrined. 

A# Will be stow; 15 the next seetion, a2) coast rute 
Geteminstions Ore ssrreated to ama peferense cine, ty an 
Pertiovler. Thue @11 Useay correttions are applie®? to all 
erent rates so the rates wey be ceemerad ot th fame rere 
rence tive, 

in the initiel «¢ecer of Gs velapeent, we iwtouded te 
Cetermmine the count rate m the pacto cf sume wm leeion, 
mecleetizng the Seta by senna of alaninun flliere, Mowewes, 
in view of the highe> Ora effieianey of the counter vube 
Compured te the quam as "as cleamly browgt out by & eag~ 
cise ta** iusto avesarrtion stugy, 1% waa 4eotded shat 
tee Seta ewlocion «ae Gefinively to be comei4eres. whe 
(arm comt if incinded of course “it fines Ehie te in 
the vieleity of 4 of 18 of the beta sous, theese is mo uns 
fem over the grocedure,. 

The poewibility of a courtize lows Gue fo self ad- 
Serption of the Svte nerticlew by the Bieeue ath wae tins 
veetiguied., Serve sections of verieble selca ene elaced 
At) G1e ice lined olenehets @enleininge 1 wl. of & eo ten 
of » krowm sctivity., The Bohing trokeimae was sureted 
mi, GO. Spepiefion of ehiOn, camgperehive sommes cohen 
vers made. tue to tle well eootions of Nerve vert and 
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the short air pala to tee window, there mes ow simaifi-~ 
ceat QtfPerecce neved. Toerefere, &¢ pus decided buat 
the self stuvurptdos lose correstios: could ve svglewied. 

Por purposes of Bielological svudy, te serve seetq- 
ions Were treated if the usual water, 70P aleohwl, vp 
SleOhel, abeclUte sicovlloi, Sec obderofers ttagee vith Live 
moors im @ach Othge. The Sections were thew placed in the 
pereffin bilold series et greduseled temperehues and then 
isimedGeG in rub® rieed perseffin. The seetivie were Lhen 
mleretteed anc alides prepered. By thie eenes, the wane 
ber of £iDvew iv each nerve ware detereiaged. if ens 
homed at firet ther tne diameter of tae Livres Bignt Ge 
GQetereinec by wee of a munch aae 060 Guler eleruseter 
wat thie proved uvfeeeibie dwe to a ehrivking of tro 
—erve tieeue dering tne iseersion stage process in uet~ 
tioning. 
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M@CyrGy ITI Gearvlrs 

Prior to the survey of the requlta of the «xneriwen- 
tal phase, we shall omee agaik state the objective of 
this study. Ye are initdally interested in the existence 
ef & sodium ion traasfer acrome the nervo wembrans during 
the condeetion preeess, the te@mitude of thet trenefer, 
and the magnitude of the sswoeiuted potential. ¢ are ine 
terested further in o comperisan betwoer: the computed 
value of the potential eesocteted alth this ionic trane- 
fer and that valve of the magnitude of the Action veten=- 
tiel which is « watter ef record in the literr ture. 

ft *i11 be @howl presently im “Section [vy that thes- 
retical comeiderstioun iudicate the exietener of fr 
ionic currect densily ef © rerTult of the wection of teo 
ferces, ore the regult of a comecentratimn grediert and 
the other due to @lectvicel comsideratious of an etlet- 
ing potential gradient. Se will examine the esmsbeney 
of the computed value of tha associated potential with 
& view toward the poseidle correlation of thit ius 
® pert of t&e totel loa sigration tential #niad is re- 
e*onsiole for tae tomie current as defined U7 emetion 
VIII of Sectiuw AY. 

in Fable V of Section VII, the sumpary of computed 
Gute ia Listed. ff 10 mote® thet rite 2 to 6, tere 
the nerve sectionwa were etiwulated for & pamiod ff 16140", 
show en averece upsake of Ba tome if the aeonmnt of 
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9.574x102° ions per stimulus per om” of memorane surface 
area. The series of nerves which were stimulated for a 
period of 3c'tO show a comparavic average value of 
211.96x1019 tons per stimulus per em”. In the third period 
ef stimulation, that of oO', there is a marked falling off 
of the numer of ions taken up “gy a nerve section. In 
thia case the average Value wan 441x107° iona per stim- 
ulus per em@. 

In graph Bese of Lestion VII, whieh represente the 
uptake of sodium ion» per mg. of wet tissue versus the 
time of stimulation, there ie a strong indication of an. 
operating foree which is quite constant in fMenetion. It 
will be noted that with the time limits of zers to $5'z0’, 
the uptake is linear. In fact, in the case of the uptake 
for the nerve seotions of the subject Rane pipiens, the 
computed values fell in so closely that no statistical 
analysis was warranted. he curve drawn on eraph 8-%(b), 
sho # a linear relationship between uptake and stimulation 
timo. However, in this case, there wae a degres of seat- 
ter to the plot which wurruni.ed atatistical consideration 
of the small sampling methed technique. Apparently, there 
is an wptake which is linear with tiiee and then a “fatigue 
function sets in, which we shall presently cdiseuss. 

ith reference to our initial considerstion, then 
we note that an foie cigration haa oocurred across the 


suriace area of the nerve and passed into the nerve 
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tisene to a certain cista:cr». We justify this ceneclue tion 
on the oseis of control considerations and the expcerimene 
tal rasults which ahow a positive upteke, in an overall 
aurvey, in 24 of 26 casos. This differential between 
control and experimental sections is well defined as showm 
in the Gata of tables I end Ii of the Appendix. 
The number of molen of sadlum which have entered the 
ra 


section per stimulus per om” of surface area are given 


in the fellowing tabulation, for rune 1 to 14 inclusive. 


Wan toe Ko. moles of Na tavren up 
by seation per <tisulus per 
em” * (Avg. ) 

1-5 1.s80x107}° 

6-10 1.970x1074 

il-14 0672x107 1° 


At this point we postulate, for reasons to be discussed 
later, that the inervased permeability of the Nesmbrane to 
the sodium ione or the lonie migration oecurs during the 
rising period of the action potential. Prom the ltitera- 
ture we take the value of 0.406 msec for the rise time. 
Considering the time factor, the above lonic tranafer 
may ce expressed in terma of the number of lone which en- 
ter the memorane per second per em” during the rising 
prase. iIn the following ta ulation ce have the express - 


ion for averages rate of entry during this period. 
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Ram Ho. HO. Goles +4 
. per ee¢ per om”~(Avz.) 
16 54.0xi07+" 
6-10 4 .axio7it 
11-16 16.06x10744 


These values indicate a degree of constaney within the 
time limite of zero and 35920" with a fall off rate of 
entry after the 3)'2 " period. The values are in fair- 
ly good azsreement in magnitude with the theoretical 
value computed by Hodgkins and fats in ee hee the 
single nerve fibre of the squid, of 8.4x10°> oles 
/see/em* . : 

The tize averave for the lenie current computed by 
application of the Faraday value of 06,50C coulombs;mole 


to the adove rates of entry, gives 


Hun No. OLllieamperes rer 
(A Vere ) 

1-8 OOO. GMA « 

6-10 O.04165mA. 

11-14 0O.0LSS0aA. 


The same values are obtainable Yy a time avernee of the 
coulomb transfe as shown in the Table ¥. 

If we consider the potential requirements of a theo- 
retical membrane condenser with a capitanes of 1.8x107° 
farads fon” with no resistance sonsidered, the following 


potential values are obtained. 


Run NOe Potential -iff.{avg.-) 
L-5 LZ .7emyv- 
6-19 LD ew ve 


11-14 io SGV» 
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It is reaGily aprreciated, by inspeetien, that these val- 
ves ave of such a magnitude as to warrant disposel ef the 
idea of a pure capacitive case fro further consideration. 
It is te be noted that the first ten runes do maintedin a 
Gesree of conatancy in these calculations. 

fe next consider the ease of the theoretical membrane 
condenser of 1.2x107% farads /on™ eapacitance in series 
with a membrane resistance of 1200 otms/om”.  y meane of 
equation Ibe-c of “eetion IV, the following potential vwal- 
ues, which @ rembrane ecndenser would have to have, to 
discharge through a given resistence value in the known 
rise time equivalent, are listed. 


tun Noe Potential Diff. (ave-) 
1-3 47 6A 4mVe 
6-10 58 .-GOsV. 
11-14 21.77mVv< 


The results of ovserved and cowputed values for the 
second subject group, the Rana catesvianma, ara included 
in Vable II cf the Appendix. The surface ares deterrin- 
ations were mase on the Dasis of an arbitrary valu in 
this group inasmuch as the histelogicel secticus fer cmis 
group wore not ready for study and eveluation st the time 
of writing. The values listed in Table II indicate a 
trend but Lleaswuch as little or no analysis can bw sade, 
these valuee are ot listed here. 


In the case oF the first group of fires, a good 


approximation of the surface area could be made om the 
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Gt) )} 

vesis of Sardesty's thorough investigation of the 
number and arradjgement of the nerve fibres of frogs of 
this group type. fhisa report indisates a mean of 4200 
[Sores in the solatic trunk of the Rana pipiens in the 
5O gram body weight range with a mean fibre Gilameter of 
7.60x107" ome Theae values were utlilzsed in the compue 


tation of the surface srea of the nerves sections. 
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(A) osage Pvaluntion 

in view of the fact thet tes litereture reports, 
with a few mens,” wat mGietion tends to ine 
erease the permesctiity of the sell mewerene, {t is nee- 
@NSuary to evaluate tbe possible effeet the .evelsa of rad» 
fation, vueed in thie expertaent, vac on the nerve seetion 
Wier atudg. vrdinariiy, Be would oealeulate tne theorat- 
heal dose a tiseue nection would receive during on i mer- 
Sion poried and thew run control aad experimental aeecate 
ions under stimulation in nem-rediceetive and racloacti ve 
solutions respectively. Any differential obeerved is 
porawa Liity or eondustion eharactecisties could then oe 
correlated with tne dose pecelved vad evalueled agvcord- 
in ly. 

Sevevar, dae to limitations of tine, our procedure 
wili Le to ealeulate the maximum theeretioal dose and 
compare this witn the Gata xwallavie i: the Literature. 
it will be resalled tiuat of all tae common tleewss, the 
nervous tiseue pussegnen tie least sensitivity to tbe 
particulate o- eleetromagnetic type of an. 

im regard to Gate Comparison, the worag of ore «.obhen- 
cCorg includes information an te the Gesage required te 
effect a change in the permeacdliscy of singie Plored 
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herve. 

®o resell tnret — om Gisintegration te etedle 
ng will viold a Oeta of 1.°9 mev. end two morse raye of 
le and 2.76 wey. energy ver Gisintegratian. In a theo 
reticsn: dove saleulation #9 muet, themsfere, celculate 
the dose recalved due to the two raGtetion cameerentsa in 
the ontiseton froa Xa**, inaseueh as oe aw tO whe our 
Coxparinon Neeed on tue Mishert dese whish any verve 
seetien “egelved io say one mer, * select tne hi chest 
Walue of the activity for any bath salution in tle esper- 
imental tata as e@t forth im aAprentix LIT oe. 

in ruh Boe 20, & eultifinored seiatic section waa imo 
eerget in a cathing solution for BO Ginwtes with a seunt 
rake, wunoerreeted for geometry, of  ,280C ops. Ve ox- 
oreesion for the activity in aicroeurtes per wl ia. 

Bis (1) wo. = (an/dt) fy/t. 7x08 
wee og f. ie the evrreetion factor for the grosetry, air 
peth aveorption and elem window awoerption. ith f= Neb, 
the activity becomes on substitution, 9.72 ue fer mi. 

im the determination of the murver af roertm@en anits 
we ehell first corsider the dose received en & reeait of 
Like Cera wetenton, Consider 2 Serve sortian lfm. in 
leneth amd lem. im Glameter pleewd of the neewe platform, 
the thickness of Wier is Yam, tn View of Dhe Text tut 
the “Eaxieum renege for the setae of thw wmierion te 
Oe. to water, tw ecaloulation will te Simplified if we 
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do 
Oana LGer the Dela eulediow free tee #alubian w je otter 
@ide of the aerwe gietform as cumpleteiy «stenusced. 

The average @netgy o76i10014 per al. of sclubiom wil2 

be. 

wt. (if) a, stv7aad* & & 
where u represents the isotope succaatration i, ue/el. ami 
B equals 0.85 sev. the aVom ee Gaetrgy af tie othe carti-~- 
eles. The tGtal dose received Sy the Nerve tcetion for & 
emgy 7 ee af W wlwutee say w found froe the empres- 
sion, 


= a 
mm, (t0t) ©, = astx10%s, ff Uy Gwen /cr 

where u Meteing ite above sient Fteenee, a ia the reametry 
faetor, & ta the mueedber of idm Seles foreed per hom oF 
eir per roenitemn aud le the eperg: ovulvaient Le elee- 
tren volte Me in Dair. UF subetitutien ead Actegretion, 
the doow Gee to the Weta eaeponent of the reddeties #11) 
be 296 er. 2% exy pote om the ourlees of the werwe ceet- 
Let. 

The e#le@Gietion of tive Burface date reeeiveé ot aay 
point oy the nerve dection ee a result of ie Gaehe come 
ponent ef the emisaten spectrum if detereinad oF tir theo 
retiesl teveteant of ‘erinelil end boca’ ‘or Sarno as 
of spereetrs we £111 Salewlets The dote whhe art fete tie 
integral of (Phe PTerctian ewer the tier run ef & RObnS om 
the prarface of the werve seetian eideay Yotreen ite ane 
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9 
tremities which we designate as point 0. 
Phe folloting equation represents the dose rate cal-~ 
culated at the surface at voint oO 
_ 
~U i 
Bq. (44) a= Lee av 
if 


where I, ia a function of the number of gasea rays emitted 





per disintegration, the linear absorption covfficients 
for Compton scattering, photoelectric and pair produetion 
effeets. The quantity ¢ is the concentration >of isotope 
in me. per mi. of solution. “ is the distance between an 
element of volume dV and the point 0. The term u repre- 
sents the linear absorption coefficient of the bath soixn- 
tion. 


The total dose is then expressed as 


rE 
Ba. (¥) p, =fa,at 
On subetitution ana solution, the calculated Surface dose 
for a nerve section due to the gasea components of the 


raGiation ile expressed as: 


* Uiit 
Eqs (V1) D= (1) 5c Su a¥Vdt = 1.74 ‘ouent zens 
¥ 8 ae 


where J takes value 1 and... gines two ganwea rays ere 
emitted in the Gisiategration process. The inivegreed in 


this solution is soived oy a first term series approxi- 
ation. Ihe is valid inasmuch ef the lineswr ebeorption 
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eoefficient for water, in case of ygaura, holds quite close 
to 0.00 em. in range to ¢.1 te S nev, 

1m Sutmution we csiculate the total dose 1% roentgen 
eGuivaleut physical wnits to ve 1.87 H.at the surface of 
the nerve section. itm vicw of the approximations wrieh 
have been made is. these calculations, with regard to geon- 
etry and oeta uvsorption, this value represents an upper 
limit. *n evalmation of the pessible effeet a doses of 
this magnitude would have on the nerve function will be 


made in the latter part of this section. 


(3) .etien Potential and Ionle Current Density 

It will be recalled from our review of the literature 
that the Bernstein theory of the membrane potential can ae- 
count for magnitude and gien on the basis of relative 
fonic concentrations in the axoplasm and i:nteretitial 
fluid, when these factors are introdueed tnto the wodified 
Nernst equation. Most researeh done to date on these rela-~ 
tive eonesentrationa places the ratio at a — of 10.1 
with the majority of reports at higher aie, Gees one 
substitutes this ratio into the wodified »sernat equation 
the resuit of SS © is ovitainead. Ye recall that the mem- 
brane is positive with respect to the axoplasm. 

4t eas demonstrated Oy Vurtias and Cele that tie shift 
in membrane potential durinr the activity phase willl be in 


general of the orver of sO wv to -40 mv. Thies represenis 
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@ potential 4iffercones of a seagmitude in the viotnity af 
LOOet. tu the beote of © propened soGtun shirt mechanten 
or a warteS inerener in the peebrane permenmiilty to the 
selier ia serine the active peried, thers assists « guea- 
Tele sede ef ope tions of Ete © det 6 cOleiaer the 
theoreticea: aspeeia of the Gyrentcon of lorie motian as a4 
Magis for Geterwinion bole peteetial enift. 

We aseume indtielly umh.t the eoroemtretion of the aoa- 
ier bow in the tntereéithel flade@ te at a Aigiver value than 
that in the axepleses, ‘xtewsive —— =. pernit- 
See thie seewsrtion tr our develcpment. if we omy further 
gensider oaly the cettion Sa and exglude the anmidme, fe 2oee 
tulate thet the fe 160 in subseeted to the actiem «f tio 
forces, ope a diffusion forme aod the other an sleatris 
forse. Se define the wobhllity u of the cetige ee fhe val- 
amity tn en/sea of an ton Geer a fell of petemrtal wf 1 
FOILS per ane petenBiei chedient CV/4a ie, of G@EPem, 
the chance in Setemhtial oer iherweant €e, «fee 7, the po 
temtial i Geflee@® «# the rord PeueiPee te Gow & PHELTI es 
charge from isfinkty to the rvferusce point if ques ton 
ageinest thew electric Civ Sorees everted Ww an enh’) mwry 
cherge . cumeidered to be co @enimtied «6 & ontal © fram 
tie refereiee Point 46 Baer hiOR Phere the Telentiot 
ta loagiated. 















» 
fe geleint: ety at aetna 2 le emeneTeee 
AE Aten retinas cd amma hema 4 a8 
ewer © rtedee oeet! Uber er ite oe pace 

at Aime me ome IN te tr ohenm te 

6 Oe paliee set Ve oe feere® oft te 
le Ament le Sentiments al 
0 AO ee ee Nw ie were 
AS nile Rh ee Re ad bbe, (hes erbtet 
eee b- er a 
wat wie statenitevel ttn 4 ol 


+m or paola sep Ainciean howe oF ehh ta nat 
























=. ;* =F = 
hed atP ah etisum oat Se © pidlatas aap 


vabten ot 
« a to + 


Ee Abney 48 ALA 6 otter ant nn te S94 mae te 


sie . 
a ao 





= _ = 


pore me nd Awe costars bibendieg at” doe 
a4 oF Yo em (ah dverevenk ay ialzentey Of apabte. 
or tne arn ct te em ae Beata 
oss sem ry Ory Tere cmt oP yANWUSA et | 
Papin yt pm ere Pinky vevaenty -* 
nt Midby 0 fs mannnn~oran of af * 


a? Ls tour oe cowie sy k Fmae ee re 


Ee - - =_> = 





=| 





J 





_. we > *»*© > —_ die? 


= = ‘6 =, 


— 








+ 
The potential at goltt 4, therefore, ix ererenned 
—_ «> | 
A 
Ba. (LE) a e-f{f > @vir = Wer, 
ov ore 


where p is tim powitive clerge Geeetity per untd\ volwee.: 
if & cetion were fiewe to seve under « potent lai 

eredient, ite velocity v, Weald de, ve = will /Gx where 

WU 16 defined es thw Velocity if Gi. per Sec, Of BO ion 





under @ eredient of me volt per em. fe negetlive eign 
signifies setion in the cireecion of seereetisg ootential. 
We previously defines 2 es the eleetric field forse uet- 
4eg “H & Gait cherge aud squeal to Mar” ant gince 
B- - av/ax, the force eantane an & sels of dataque La 
MP, = Fa e0/dm 

where TF, eqguela 76,00 coulomes prr chasical ewul valent .s 
«no foree Py "ili dw eapreseed im tures of voit-¢euLames 
per Cae pet Sole of whivalemt outionn. . 

| "@ Gay oxpruse the retio of the ionic wileeity V, 
to the soeolute value of the electric force per wolo *, 
emich ratio may be erities at uF. “hem sug cliee ferce 
is applied, tire predwet of thie retio ead tie agpsied 
foree wll: emal the Mouitant velooity of tue ole of 
said. boii thut Uhe regiatile Peree Pumotion te 
‘bbe meme in cue Smetaine. 

“onsidec © tiie Slemeet of rele 648 =ere & aay 

represent 1 emf of surface area Of the 14rve Sem rene and 
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as 
ade, an incresent of tldieknese. It is further sssumed 
that in view of the pnyeloal concentrations of sodium, 
that an cemetie preeosure gradtent exists in the sauee dle 
peotion a2 the eleetric fores ffeld. 

Cne vemotic pressure gredient ts -dP/ax while the 
Mizsteloa relation for the 44ffusion force ic adh. This 
jatter feree sheuld be equa ¢ and opposite to the forge re- 
quired to prevent celine. de t © woluwe considered Let 
a be the concentretion in moles per ee. The diffusion 
feree is exerted en cuds solea of cetione anc the diffuae 
fon forsee per mele ia then <a?/adx. 

Pyoeviding ven't Joffe .aw ean ow applied im the enge 
of physiolegical solutions, the partial oemotic preefune 
Gus to the Sa toms, F = Mre and thee dF/4x = Yeo /ax 
where 8 and have their usuel sienifioeasce. “hue the 
ommetic force per mole ia -@7/e x de/dx. We then caleu= 
late the voleeity component due to the esmotia ferce an. 

(Yel, = mask . w/e « de/ae 
its the ectual velocity of the cations wuet oe the oum 
ef the velocities duw te tre electrical osmotic forses 


Ve = sudv/adx suRT/Pe . aa /ax 
How the wusoer of ecles of Loma passing through a surfece, 
a, is & function of veleoity, conecentraticn, area and 
tiwe. ‘his is ompressed an: 

@n = swedt ( ed¥ ax + ME/P . defen . 
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£4 
ey @ prOperc aonvereion, the oreceding eoaatiou-wmeanes cas 
expreesion for the ivnie current demality for the va ions. 
Bq. (V¥ii7) 

a => (Ffaiaa/at >~ <4 (Ne at/axn ¢ © 4e;/as} 
wites equation it identicel witr the eqmet ion ce veloned 
Dy Geléman on ide ieee 

Tais edGAtion impifes that toe 4iffueion ami the 
¢leotric fiels forces shoulda e@tablieh an ionie current. 
The eewetion es it *s:iae@s could Oe weed te detemine the 
pulantiel across the pemb-w @ vravidics the -eouseary 
beiniery conditions were kovw,. ome Gifficulty ‘ere is 
tne Getersinative of tie eamhrane thickaess, tle investi-« 
gatim sf ehieh is etill in the eeriy pie teak a 
movledgese of the cediast « ¢ the thickoess, the potemiial 
G4iffereavce would of #Lmply to caloulate. 

c fet MOted by thie writer, in Ais vevie® of tee 
Litereture, that tim “ex Sune canecituwce wha Ceperted 
net to oNenge appreciahly Guring unhuiep. ah oe KEATS 
thie idee of a2 comatant ceapeci:acee we Gave dy effect a 
Cimrie Sears to chwer the mwagnitude of tow mormrrk he) 
whier Le dva to a towafesr of sugiem tow, 


*y weoems of thw sauel rolettenaehis, ST, ° eve 


Py Girect Giffereitietion, Mhecrn. gerant, = 4 JRE Netto 


the relettion 
Aq. tiden) = v= yom = t4* gs 
Gz. 


where (4) - “p/ equale the charge transnerted Py the sod- 
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45 
fue 40n° @urite the peried of the rise of the action po» 
tentials & peried +f ©.456 21 lees 20d «2 wenbrate cap= 
ag@itanes of 1.0 misra farsds/en* was weed ip th ee calowe 
Letionas, waged on valuse Prose Wodexine and = 
exrression for the potential ea a Tunetion uf the tonie 
current end capaecitacce is finally expressed as. 


Bd « ( LA@% ) 
VY = ("Re tons /ty +t) /ea®/s.uexio™ dons /ooul. 





iedul/om” 

in a second somicGeration +e may craw an anclegy to 
a pePlos reeistanes capacitance sireuit. The literature 
given a mesbrane reelstanece of approximately 1200 ohme 
per em? in the resting state. Seth -urtia and cone *”? 
State that a membrane reslatanee Ghange og@oursa «ith active 
ity. llowever, on the basis of the work Curtia and -ole 
@ié, this eriter dieagrees that this iv a resietanes 
@hange but a total impedence ohange Gue to a vartetion in 
the frequensy of the current of stimmlation «hich was eme 
Pp oyede From a coneiceration -f alternating current theory 
this ia readily understood ginge in & series o> parallel 
resistances oapacitiva sireuit, the impedence will decrease 
with an inereate in the frequency. The sriter tends to 
take the view axnpresaed by —_— the pisere eon 
brane offers a grmet resietanee to Flor of eleetrolyten, 
ihe writer postulates s\erefere that the tonie flew grail 


be regerded in a G.¢@. senge sith a winiewe cemyrane ree 
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AG 
sistange of 1200 ohme/en”. 

Goneider a gendeaser in aeries with a pure resistance 
element R where the ospecitanes bas a vale of tenLe”” 
farads /on™ ana & equal te iwpo ohes /am® ve corire to do- 
termine tas veltage required to dcdisahurge toe cireuit 4n 
0.456 wmiliieaee «hen a given cherse is transferred. This 
reletionship ia revdliy developed frow « eoneideration of 
the wall known equation: 

i = é@a/de = wern™ 
anc upon intwaration within the Limite of t, snd by, the 
results: 


= G6 


“t/ac at 
—a 


© 
Gr, 
aby /aG 
& = tVil+s6 ) 
and the voitage required will be: 


Be .(ii-e) #to/8C 
Y= .Alli«e / } 


When proper sudstitution has Seen sade with a value of by 
eguel tc 4.¢n107* SeOw dh, im e7uiveient vf tue rise 
time of the asiton potential, with the atore ent iorced A 
and ¥ values, the followlng relationshin guversa: 
Y = 5076547 

{>} Compatetione 

The required < velue in both cages way oo readily wee 
nium ed by the followine mm. thod. The procedure wrich wea 
follewed' in the laboratory for the determination of the 
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munber cf aodfum ions which transit the sembrangy srea of 


lea per ativmmlus 


has Geen outiined im “eetion If. Fe 


now Gefine the terms wieh wiil ce waed ia the final exe 
preesion for marnitude of the sodium transfer. -e#t: 


(dn/dt ) « 
\an/at ), 


Van /atie 


4 


the eount rate of the etinmuinr.ad 
nerve sempie aL Lime te, 


the eoaat rate of the ecantroal 
necve sample at time tg: 


the oount pete of 1 mis of the 
radioactive bath reolution at 
time of tay 


‘he time of reference shall be that time at whien the 


stimulations of the nerve seotion were termine ed for seach 


exporimental mun and cesignaled ty. “hua: 


alty-ty/ 
@ 


the time interval for detemeination of 
the teeay factor, were i aay take 
Yaiues 2,5,7, 


the eorreetion faestor for rediloactive 
aecay wnere ale the decuy coustant 
or probaoliivy factor. Thia value is 
maitipiied inte all esumt rates to 
sempare them et the rerersmié tine to 








The wet welsht of o cenizol .erve 
eaetion in &g. 


The wet veicht of se sttieuleated nerve 
eeetion in mage 


The total surfeoe area of Lhe » rve 
fivres in a nerve seotion. The product 
of the munber of fivrea, teuan ficure 
Alinester and seetiaon jemeth. Tus, 


tae (0 fivres) (7 Ta) 


The total mmber of «tivult Csliveredé 
to the nerve section wia the elest: ee. 
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Por ease Gf haadling La Ehn e@yaklioe® we ameli cL) the 
gorreetion faster for the evant mate for tue etiouleted 
Serve eection [); for the eartral seetion ff), and the 
facter for tue “th selution ceut rate f). 


(Ba) ie Tre maewer of sodium iene present 
per ol. wf Beth selution. 


The nueter of sodias fone «daor wd by the eavtral 
esetion cer o@ of wee tiegeue te exererecd as, 


=. (2) (Bains (dn/Otigt, / (an/atiq.fy 


mile the membor of sodium isons present in the tt 4eulated 
aerve section upon eompletion of the run wili de, 


me (42) (100 ) agg 0 (a / EE) of y /( dn /Gt Jo of 
The mpber of sodium fous which are adsorbed on the surface 
of the stinulated section are aseuned to be cnieuleble om 
& weight cassis. Por nerves of comparsDle diseeter such es 
the atienleted and comircl scetions were in thie oase, 
this sacueption is justifieds Sines, if we consider © as 
tum volume density of nerve tiseue, the weigot of a verve 
KeGtion is, 

© (bay) = (GP-S Pl) = Revmrhers urns 

aed since tie adsorption is a fueetion of surfaces area a@- 
pOeed, Gill other factors eeting equally, "© “ay Melidly 
say that the adsorption ( iene ow tow surfeve le im dir- 


eet proportion to tf ewight of a serve eectien. om tite 
watia, the nusoer of sodiue lone adsorved oy the etim- 
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jated nerve sestion may 00 expressed as: 
eqs (XTL) (Nang « (EN/GE) gol gel” /(An/at a oly o¥ 


The final expression for the number of podiw iow 
which transit the nerve ren>rane per en yer stimiluc is 
as follows: 

Be. (ATT) 
(Ba)p.e [ tan/ae) 57, - (an/at gt os® /v® | /(an/at of fae 

The data tabulated in fection VIII i-f8 wee oaiouia~ 
ted om the basia of the fergoing relationship, 


QeRORaAL Govk bike tT Lows 

The question may well be raised as to the possible 
effect the deta and gama radiation of the Suthing solute 
iow hee on the nerve seetion under stimulation, sad eight 
not thet radiation be a factor pertinent to the reaults 
us odserved end commuted. Innis problom may be anevered 
in consideration ef two pointe. The first potni ia that 
@ eomtrol nerve gection wasn lmersed with the section une 
éder stimulation for tre same pericd of tine and subjected 
to the sare Ppadistion dose. Amy chenge in veteke, due te 
an inerease in membrane permonbility, would refiect itself 
in the control section se well ne the stimulated Gervour 
tissue. The necond consideration is timt #ito refereace 


to the low degree of sensitivity of nerve tineue to eny 
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20 
form of radiation, partioulate or elestrummgnetio. 49 ©¥H~ 
idence of this we refer \o the work of Or, MH. a, Rothen= 
berg on permeadillty emwnges in nervone tiseus ae a result 
of irradiation with Aerayn. He found that sat a dose of 
&@,0C5 reentgens thore was no statistical etenifieange ‘e- 
tween the uptake of centre] and experimental tissue. Ne 
head to inercase the dose to 146,000 -'. nefors there was 
any statiction? sieaificance butweon the sontroi and the 
ex. perimental eowthents”’ Yhea these doses are corpared to 
the maximus upper limit valve which was somputec in 
Seotion II, there is little reason to bellove that the 
radiation hed any eignifieant effeoet on the permesotlity 
ofarneterietiegn ef the sierve tiesue or any resultant 
effect om the reeults which heave been ettained. 

¥Yrorn an amelyelis of the computed and oowcrved regulte 
of this experiment, the tnitinl point of inquiry ie feirly 
WEll satedblished. There ig Little dewet thet a sedium ion 
transfe: takes plaae Guring the nerve esoiduction preceas. 
tith each sodiwu: lon wo hare an saavecieted cherge and on 
consideration of the time feetor involved, it follews 
that a current existe. 

The point might o¢ so.sidered ae to the barrier effect 
whien the myclio eheeth might exert on this ionde transfer 
and in pertioular, in this ease where wuiti-fl red nerve 
wen employed, the surrie> effeet of toe equrectiva tiseus 


matrix between bundles in a trunk and itv »éditien the an-= 
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ok 
rare of the fibre wumdies. =. thie remrd, Pong and 
— iheve on tie busie of thetr ivyestignationsa that 
@onnective tissue does proaert an affective diffweton 
Barrier to an ion migration. Foweyor, .orente de fo 
@tatek with me ee 
"Se i8 Gaffioult to beliewe thar the ecouneet > 
ive tigsue sheath of frog or bali frog nerve 
could act a9 an effeetive @iffacion varvrier 
that would delay es ay —— = ef | the 
penetration of Lure Ante 
Ghen one cousiders the ionic raaiue of the ba Lou, woieh 
ie approximately 0.55 R, and the clearances of the 
Stroma of eounestive tilarne which tay eelil De humireds 
of times larger, ohne le inclinea to agree vith seto. Sowa 
ever, judging purely om the gooertriesal cenaieratiow, 
there ia voun’ to exiat a partial barrier to penetration 
wo @atter how alight. 
ith veferance to the sembrace surrounding thy 
-_ the aituation is slightly wodi fled. arenes anid 
TA ag, invedtievted the berve sherth by wees 
of Aemey diffraction studless, the fiodicga of whieh bear 
on our probil.w., Pit sheath ie cslleved to On sumposed 
of layers of mixes’ iilcids wrapred tn a ceetecric -echer 
@deut the axopleee® or central eylinier., it ta eliaved 
that pro.rei® element! Altermiate with lipet! daelies 
laye for layer, and tMat the pretein and iipid is in a 
wieelie form with ea definite orientation in « redial dix 


rection. The equatorial apecing is said to Ye on the 
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ercer of 17 A and the weridlanal speetvge fa about B&B a. Un 
e purely yeometvical gunaiG@eretion, CleregacCing «© charge 
om the eeutrene, se atom of (@five ehould have Little aaffi~ 
eulty transiting the memorane with ebout £% seme euge as 
& Beesall goine through an over window. le thickness ef 
ghia serve mambranc will, of sovuprsee, very with sire bet 
the litereture often ouotes the thiekness 1: the range of 
100-176 - 

it #111 de reenllied Pron -ectivon I, that uwitil the 
peer 1040, the ragnitude of the retting potential wee 
thought to Lire it the magnitude of the acticn or spie®#s roe 
tential. it waa velicved, and this portion of the theary 
As still sensigered valid, that the sonesntretio: of tater» 
mel and external (otaasiue was resapousiole for the retiieg 
Petential, the negnituds of whien, fer mast Stuties, was PYe- 
werted in the vielnity of S0nv. The pelearity of the pe 
ential wes auch thet the serbrane was poattive with ref- 
erence te the taternal awopisem in the residing @tete. as 
@lwn in diagram A=) of the “poandix, om activity, tive 
wemhralie net oly goed te geru, it peeaes turouch and «.s- 
Gress «6 Heygative pelentieal with reapedt to toe inmuer core. 
‘hie pheno enlft leaves ue with come 160 mv bo scomunt for. 
This i@ gqutte evident of inepeetion of a renmbaction of 
the spike potential ehisu surtia and Cole onperved in the 
esuid singie filtres elant amon intsPpaal end eater ai set wpe 

“he idee of Totaesiius leakage from a Cibo ‘aa Seon 
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by Many obaervars througn the yeard. shis is 


support of Lue Tenbrnae hypotnesie «8 we GeMinndt ite 
*#6€itieon, cheuges la the “OLagsiuw Gommentretion in 











the extersal “th eolution of the serve me reeulied im @ 
weeeed Jocrwace of the segaitude of the eeseloe pol esthal 
With aa isorease 1.4. the exterual /ovexse lan ecuncent ret lome 








however, “ith the phese rev-reel and the eagnitude of the 
ection potential to S@ cucsidersd tne orizinal mesorane 
ypethesia fails. 

Tne reversal of tha wan wane potewtial cas Be axe 
Pigined om the Cagis of the ~odivm Rypotnesia se advanced 
oy Hedgkin and ho it is aswumed that in the resting 
stete, tke nerve sembrene Le selectively persee™la te the 
pet detum and no. to the Sodium ten. Curctng eotiviliy, 
PAis seleetive perce bility shifte with the eestirea be- 
Qing perowWwole to the ©idium. They sup ert tiwir oppe- 
tipeie in light Of experimentation oereio Oy 41 vertetion 
of the oxtermal Geth solution caywertretin ff Sotitum, the 
teightn of tee setion (oO emtial wes preportionetely afrast~ 
*é. When isetonio suintione canteini. @ © teoowkens oobi 
eehwoertruiion were sppliied is wee found thal Soletione of 
lee? then OS of tur twee) —odine sonmonttrucion tu vead 
the weemnitude «f the reve eee notemtial to be bem. Ake 
sine, tue heighth of the setien por-atial eve leereeeed oy 
av imeresee of the .eliuw soneertration store the » cima. 


Yrow the reaulte of their work, it ie indicutive tlt the 
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54 
Sodium shifts hyrothesis bae a geod foundation. 

“ha oxperivientel chase of thie vesearch supsoete tHe 
work of Fodgking ent “wuts dn that a defivite Leonie trana- 
for eae nole@. Gerever, in the preblem cf correleting th 
wegnitate of that cranefer if wan neeeasary to drew the 
parabiel in elestrien! cirentitry, fallo:ing -veles PR 
3t ia fully realized thar any explanation of this trpe ta 
Gertainiy mo* unique ser shonid &b ewer de 6. culaidered 
in Dielogion) experimentrtion. I& #4113 ve noted ta 
Tebles I ard li ard in the ~vmeery of comouted deta of 
tho Apyendiz, that th ce is sore Loren furctior, pevhers 
not fully sor edupletely defined by ovr squatian® wer une 
dersteawiiog, AC *urH wE§EDin Gartail Ulee lieiteationn. The 
writes offeesn with vie to the axient thet eben tne prodb= 
lew is transferred into pirysleal theory of sleaterteni elr~ 
eulta we have at igaet a vecimique for metheealical anm-= 
alyale. 

Ta owr Gete we CL POC applded the foe, of & eauibPage 
of Pure capacitance axe eg ligi Pie reaiut@u@e. si mn 
nuted from the @osiputed vwa.wes that tre aowwer wes oot 
here in magmitude eat Least. hen we sornetdemed tim posiae 
tence ecavatitance etrenit, the wsonitude of the cqerwuted 
vyaluos see Closer to that Ccesired eentioudsa,. 

The point sight well be -adiced es to wiry the wrlter 
sade the eseumption tliat the ‘odiws tramafer «a* ccegific 


to certain time Limite wueh as the rise time of tive wotian 
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potential.The answer ean be had on the basis of Hodgins 
and kats's work.ur objective was to show a magnitude 
correlation in view of the asaumption that an ionie curre 
ent does flow during the rise tine period. he writer had 
to make thia aseuwnption for computational purposes. How« 
ever, om the baagie of the membrane theory it does lorie- 
ally follow tnat thie transfer would be a function of 
time. When Hodgkins and latz showedthe derendence of the 
masmitude of the potential reversal on the concentration 
eof the {odium in the bathing solution, it followed that 
an agent acted during the peried from the sero potential 
value to the meximum of the negative sawing, the time 
whieh te called jy the improper term: “rise” time. 

The exact neture of the ceechanien «f astion of the 
membrane selectivity ia not too well imown and is in ¢en- 
sequence, the subject of much speculation. “anielli and 
eg treated thia matter in great detail. “here 
is no dowot in thie writer's mind thet metaselic funetion 
enters into the picture at this point. any factore 
point to this, such ase the effect of low oxygen content 
in vieinityoof an active nerve. 49 a resuit, the action 
potential and conéuetion veloosity Call far from noresils 
in addition, there ia the work of chanea et a ests 
shewe an adverse effect on the resting meworane potenties 
wnen the nerve is bathed im a eolution cen aining w«teae 
volie inhibitors. 
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it has been noted surlier, as shown by curves 
opie) and (Db), that there is a reversal of the sodium 
ahift wechaniem after a certain period of time. In the 
ease of the nerve sections from the subject croup of Tana 
pipiens this oecurred at $.°86", and in the second croup 
Rawe cetesDiensa the results show a degreased uptake and a 
leyvering of the fenie eurrent flow after 14'40°. It may 
be pointed out that the only two cases of sero uptake or 
negative flow were computed from @ite from runs of 8c! 
Stimulition time. it is evident from the results that the 
uptake and lomnic current falis after a certain period of 
time. Perhaps the coneantration gradient eauffers a alig- 
nificant change curing long perloés of atimuletion or poe- 
eibly the metadecliem of the nerve is suffering from an un~ 
valanee due to a diaproportion of lone. Sasever diffi-~ 
eult te deseribe, sous foree 1a operating and a revere 
Sodium shift f2 apzarent after a evrrtein time. 

if wa gsonsicgered the poasioility «f a senbrane induce 
tance @lement a: wast proposed acre Cime age by cle, in 


erger for the Pelationrhnip, 


LAL /eberieg (c= 
to apply to a situation ef a rom ceciillatory case, it 
would require a perameter relationetip of the following 
nature. Where R/l, would bo greeter in mucniiftude than 
e/(n2)*. Wy selecting various values off -emorane reaist~ 


anee whieh we might conaider, for a cepacitaice value of 
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1.ex10°° furads fom” we would have the fellow: 
| | : owing induete 
ance pegqudrerenta. 
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however, the idea of @ memorune induetanes slecent is net 
teo piauslbole in view of the constituente of the merorane. 

At the present ties, Curtiss and Cele treat the meshe 
anism of canduetion on the baaie of the eireuit analosy. 
Neferring to “lagram a-S of the appendix, it 48 Lesgined 
that the serve 0011 sem -rane is composed of a series of 
clrceult elements as sheer. buring the resting phese a1) 
eondenserée are at the same potential and there ig mo eure 
reat flow. “hen for any reason, the eseorane permenbil- 
ity, wileh is the “resistance of the elestrical circuit, 
and the e=f of unit °aA" changes, then the eondeoser in 
this unit will diseharge. The adjacent condenser e11i dis~ 
aherge through the external end internal rasistencea. This 
e411 repeat itvuei:f a11 elones the nerve fivcvre rpeeauLltine tn 
® conducted impulses. “oth Curtiss and Cole depend on the 
etabolic Pune’ ton to reeters the wemoreve to its reating 
stale tn the sare manner ag we meitioned earli»: . 

in @leosing the discuesion it mey « #aid that the 
findings of thie work suppert the oypothectis of “‘sdgkins 


and Sate with reference to the Codivnwe shift and ‘te correl- 


















pas 2) tps comeypemcd ~aumdaee 9 bm avind 
oat wr Le eEmetienee aff Ye welr ot 
<feem wat domes 2162 ope cela geeks bese A 
apodeme gagenee and Wo aimee 068 ge Gapépeem. 
ee ee ee 
We mares pte Desuzers 6) eeeeny thee prvee wae 
Lie amy paler wld DAPIS «erst fe oF ; 
ee 8 
ties inelrineia afa to “penaeeserr” emf mt | 
| 
<r Setenee tat cent eepente “a” Aree Be Dow 
«mle Lite penenients fmadaiie Oey serumetee Le fine eke 
11 seetee delle’ (awmeael Ane imriyter st? Ayewus a 
a! ech fies epee) erm o@P prmee ise Sineat gongen Aho 
ots & Geeeek Ate? fee cetron ere . «eter Seco 
pitien +f oon ame @8e oeree fe and eet ciiotemie — 
en ee 
ett tele Ae Soyer be tee ee lee oO” 
patra’ te ther tice eff age te abi le eeD 
~j/eeAce 6h) Geo Ole wees ace @2 eoreetws Cie ~~ s 


- @ = 6 











ad 















53 
ation with the segnitude ef the petentia: «ef eanlicn. 
While the values of bie computed pole tisia ao lla... 
from the enalom draw) on the bess6 of & swede. ee 
eapecitanse cirewit 40 not approaca time fequirw. Lo. Wy 
vagzitude, toere is a @Qtrowg inference that «4 Beret nt - 


rieal.:y similar biophysical phenomenon if fusctleeing. 
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Theoretics! considerations pregict the ecistence of 
Whee two sequel Gistrivations of the seme cation, es a 
of the action of a diffueion force ant am electric 
field force. 

the inadequecy of the Bornstein sembrane theory of 
te nerve co @uetion frooess one dean corrected by & mod- 
ifteation edveseed by Todgitivs amé Cais te explain the 
heer ceversal sed the esgiitude of the act ler pole tial 
af ts serve, Tee reef leg cert 16 beld te be Seleative- 








“ly rwenble to Fotaseiue ioum sad impurcomnle vo the 
‘wottee loo. Daviug the @othvity, it is believed thet 
‘Like ewlective cerwaollity of the serve mesbrame ehifts 
be fever the esiia iow. Te wedifieetion prewiicee © re 
Term et eewPrece eelbestio! en the oefte of tide wttlve 
seetl; orvridive tue external sammantretion of wediew ie 
rereber theo bow leborse! coseene ret ion. 
Tiw OUleet of Chie @Owty; wee to Aveetiaete 156 @x- 
tLeiwume Of 4 Bertlaon trmasfer séfous (A464 nO ee orem OF 
wuleitiored cerve dumiat th caréuctian oroeeer ame to 
‘erther corrutete toe ragetthade of trie fends «irress 
ewe that of tne eweorie(e6 eetlon prieutial tactny tato 
eral erent tee c@nrrted vyeiaes ef She sere s gAraontero 
> ewelehance en4 SepeoitLeuce. 
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(sunjeat groupe were used for this study, Ly somit ieop= 
ert frog (seme piplens! smd Le sfuit Bali frogs ( Gene 
gabeéoieme. he samuel radiovetive toscer breboiaves 
were oui larei tu tb Cetemeiastion of the amewnt oF eod- 
ist taken Gp by serve fectlone, MLIlisitg the ieoteve 
te™* 4m ieetasts oo10-clonded Winger's solution. Terves 
Were eCiewleted ot & Pete of 100 per seca for Three 
MrTorant thee Laterrele. Soreel control rection# were 
weed ane soperatie vurfece adsorption studies rere rade 
for resting sections of beth eubject croure oo the baris 
oT the thee cf terweraian. 
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Cletae wes 2eterrinod for 44 ff the 26 canes Waller wud. 
Wie Uptere eee Linear G2 Pesyect 80 tine Le the Senge 
from seem ta S)'eo". efter the 4b'S0" period « cevaree 
ehitt wee voted ath & sersued Georesse in Ueibeke. ‘he 
bwo Keeetive rasulte reid La tie Go! watee. 

+) Phew paper ©) soles of wotiuwe enteriuvg the beex~ 
Sion pe petumiue eveveged 1.770K16" aosen /etiacnium 
Je Surin, tae Oeltteo" time tmierval., © We Sante of 
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$1 
aubjest group, in the interval from 0-55'20", tOHis cur~ 
rent avereged &.0076mA./em™. 

4. Shen the memhrane is conatdered es « simple soy- 
denser circuit with megligisle resistance, the aver ge 
poiential difference, coeputed on a charee capacitaues 
relationship for the first sudjeet growp im the tige ine 
terval from O=40'2O", La l4.27mv. 

5. Shen the membrase slrealt is considered aa & re- 
sistance capacitance Setup in series, the averse e petent- 
fal differences, computed on a resistance capacitance and 
time basis, is for the firet suvjeet group 52.87 wv. 

Cn the Dasis of this experiwentai work, the foliow= 
ing corclusions are reacked 

1. AS ionic current does exlet across the »e=brane 
of the nerve fibre during the conduction proeest aa pre- 
Gieted by flodgkins and Cate. 

&. The rate of entry as Getermined by these inves- 
tigetions was calenlated to ne -9x10724 soles of ta.;om™ 
/eee during the rise period. ‘ihis ia in agre@ment with-~ 
in @ factor of 4 with the theorstienl value of 6.4x107'! 
moles/em"/sse o# computed y Soagicina end Lats. 

we Shile the poteutial considerations of a mamorene 
resistance capacitunees cireult jield oniy a nov ential 
value of bu .UJav., omig half thet required te «eeceount Por 
the magnitude of the neygetive pertion of the action or 
spike potemtial, it is fwit thet & perametricelliy Sieiiar 
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ot 
tLlephysical system is in opertion. 

%. Prom the date ooteined, there is an indication 
of « sedium shiit reversal after a certain stimulation 
time and period of nervous activity. 

S11 points soneidered, theses findings support the 
pronesed modification to the vcembrane theory as advans- 
e4 by Hodekina and ‘ats. 
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